Two new fatty acid amides, zanthoamides E (1) and F (2), were isolated from the pericarps of Zanthoxylum bungeanum. The structures of the two sanshool compounds were elucidated by analysis of spectroscopic data (IR, UV, HRESIMS, 1D and 2D NMR). All isolated compounds (1-9) were evaluated for nerve growth factor (NGF)-potentiating activity using PC-12 cells, and the results indicated that compound 8 (tetrahydrobungeanool) showed the strongest neurotrophic activity.
Nerve growth factor (NGF) is the most-studied member of the neurotrophin family, which plays a crucial role in neuronal crest cell survival and differentiation as well as maintaining the synaptic plasticity and development of neuronal circuits [1] [2] [3] . Now, it has been shown that the malfunction in NGF maturation and its increased degradation could be one of the causative mechanisms of cholinergic atrophy and consequent cognitive impairment associated with normal aging and Alzheimer's disease (AD). However, NGF cannot be used for medical treatment, since it is a large molecular weight polypeptide, which cannot cross the bloodbrain barrier as well as unfavorable pharmacokinetics [4] [5] [6] [7] [8] . Therefore, researches on small neurotrophic molecules have garnered significant scientific attention. As part of our ongoing research in this area, we continued to search for neurotrophic molecules from plants [6, 8] . For this purpose, considerable efforts have been made to find small molecules that have neurotrophic properties and/or that are capable of enhancing the action of endogenous neurotrophic factors.
The genus Zanthoxylum (Rutaceae), commonly called "prickly ash", comprises more than 200 species distributed worldwide. Z. bungeanum Maxim is an aromatic tree and shrub, which is native to southwestern China in the provinces Sichuan, Shaanxi, Yunnan, Guizhou, Tibet, Guangxi, and Guangdong [9] [10] . Red huajiao, the pericarps of the fruits of Z. bungeanum have been utilized as a pungent foodstuff and also as a kind of traditional Chinese medicine for treatment of vomiting, toothache, stomachache, abdominal pain, and diarrhea [11] . Phytochemical investigation of this plant afforded terpenoids, aliphatic acid amides (also known as sanshools), alkaloids, flavonoids, and lignans [12] [13] [14] [15] [16] . These compounds showed various pharmacological effects, such as antitumor [17] , anti-inflammation [14] , neurotrophic activity [18] and anesthetic properties [10] .
As part of our further search for bioactive substances from medicinal materials [19] [20] [21] [22] [23] [24] , further investigation of the phytochemical constituents of the CHCl 3 -soluble material of Z. bungeanum led to the isolation of two new alkylamides, namely, zanthoamides E−F (1,2), and seven known ones (3−9) (Figure 1 ). Here, we describe the isolation and structural elucidation of the compounds 1−2, as well as their neurotrophic activity.
The CHCl 3 -soluble extract of the 95% ethanolic residue of the airdried Z. bungeanum fruits was subjected to various separation procedures to afford two new amides 1 and 2. (Table 1) of 1 with two known compounds (5 and 6) indicated that 1 was an unsaturated fatty acid amide bearing an Nhydroxylisobutyl moiety.
The major difference was the presence of one additional olefinic bond and two additional carbons between 1 and ZP-amide C (5), which was consistent with its molecular formula and degree of unsaturation. Two fragments could be deduced based on the 1 H-1 H COSY correlations of H-2/H-3/H-4/H-5/H 2 -6 and H 2 -7/H-8/H-9/H-10/H-11/H-12/H-13/H-14. Besides, the HMBC correlations from H-1', H-2, and H-3 to C-1 (δ C 169.5), H-5 to C-7 (δ C 28.0), Besides, the HMBC correlations from H-1', H-2, and H-3 to C-1 (δ C 169. confirmed by detailed analysis of the 2D NMR data including its HSQC, HMBC, and 1 H-1 H COSY spectra. The optical inactivity of this compound indicated that it was a racemic mixture. Consequently, 2 was established to be (2E,4E,8Z,10E)-N-(hydroxy-2-methypropyl)-12,13-dihydroxy-2,4,8,10-tetradec-atetraenamide, and named zanthoamide F.
To date, nearly all aliphatic acid amide compounds from the Zanthoxylum species have been isolated as a racemic, and their absolute configurations have not yet to be determined [12, 14, 25] . Herein, limited experiments are unable to determine the absolute configuration of new compounds. In addition, the seven known compounds (3−9), including ZP-amide A (3), ZP-amide B (4), ZP-amide C (5), ZP-amide D (6), ZP-amide E (7), tetrahydrobungeanool (8) and (2E,7E,9E)-N-(2-hydroxy-2-methylpropyl)-6,11-dioxo-2,7,9-dodecatrienamide (9) were obtained by previously reported methods [14] .
In order to explore structure-activity relationships of these alkylamides from Z. bungeanum, we selected the known ones 3−9, with neurotrophic effects. Compounds 1−9 were assessed for their effects on the neurite outgrowth (neuritogenic activity) using rat pheochromocytoma PC-12 cells as a model system of neuronal differentiation [18] . Cell viability was evaluated by the SRB assay [26] . Cell viability assays showed that the test compounds had no toxic effects on PC-12 cells at concentrations up to 25 µM (data not shown). To study whether these compounds exhibit neurotrophic properties in PC-12 cells, neurite outgrowth in the culture media was measured according to our previously reported experimental procedure [27] . Then the cells were incubated with the compounds 1−9 at concentrations of 25 μM in the absence or presence of NGF (20 ng/mL). NGF (20 ng/mL) was used as a positive control, and DMSO (0.01%) as negative control. Under these conditions, all of the test compounds exerted an increase in neurite-bearing cells compared to vehicle-treated the cells (Figure 3 ). Among them, compound 8, possessing a nonoxygenated unsaturated long fatty acid chain, had the highest neurite outgrowth-promoting activity, while compounds 5, 6, and 9 showed moderate activities. The results suggested that the nonoxygenated unsaturated long carbon chain appears to play an important role in such activity (8 vs 2, 6 ). In contrast, none of the compounds had morphological effects on PC-12 cells in the absence of NGF. Such neurotrophic activity for compounds 8 and 9 has been described here for the first time. The results have demonstrated that the nine alkylamides have different neurite outgrowth-potentiating effects. Thus, these neurotrophicmimicking compounds may serve as neurotrophic agents for the treatment of neurodegenerative diseases such as Alzheimer's disease. 
Extraction and isolation：
The air-dried and powdered pericarps of Z. bungeanum (1.0 kg) were extracted three times with 95% ethanol (2.5 L × 3) for 24 h. A crude extract was partitioned between MeOH and petroleum ether (1:1) to afford the MeOH-soluble extract (73.0 g), which was dissolved in water. The aqueous syrup was adjusted to pH 2 with 2% HCl and then filtered. The filtrate, adjusted to pH 9 with 20% NaOH, was extracted with CHCl 3 to afford an extract (39.2 g). The extract was subjected to silica gel CC eluting with petroleum ether (PE)-EtOAc Cell viability assay： PC12 cell was supplied by the Shanghai Institutes for Biological Sciences, Shanghai, China. The cell viability assay was performed according to the MTT assay [24] , and compounds were evaluated for their cytotoxicity against PC-12 cells.
Analysis of neurite outgrowth in PC-12 Cells:
Morphologic analysis and quantification of neurite-bearing cells were performed using a phase-contrast microscope as described previously [18, 27] . PC-12 cells were seeded on poly-L-lysine-coated 24-well plates at a density of 2 × 10 4 cells/mL in DMEM + 10% HS, 5% FBS, 100 IU/mL penicillin, and 100 μg/mL streptomycin at 37 °C under a humidified atmosphere of 95% air and 5% CO 2 for 24 h. Cells without treatment served as a negative control. Cells treated with 20 ng/mL of NGF served as a positive control. One concentration experiment was repeated in three wells. After an additional 48 h of incubation, neurite outgrowth of PC12 cells was observed under an inverted microscope using phase-contrast objectives and photographed by the digital camera. Five images were selected randomly under a microscope for each well. At least 100 cells in each of five randomly separated fields were scored, and the cells with neurites greater than or equal to the length of one cell body were positive for neurite outgrowth and expressed as a percentage of the total cell number in five fields. The morphology of PC-12 cells was shown in Figure S13 (Supporting information).
Statistical analysis:
All experiments were performed at least three times, and data are expressed as mean ± SD (*: compared with control p< 0.05, **: compared with control p< 0.01). Statistical analyses were performed using Dunnett's t test.
